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Domain decomposition methods have become increasingly important for
the computations of fluid dynamics problems, especially in complex physical
domains. Any domain decomposition method is based on the assumption
that the given computational domain Ω can be partitioned into subdomains
Ωi(i = 1, · · · , K). Here subdomains may or may not overlap. Then, the
original problem can be reformulated upon each subdomain Ωi, yielding a
series of subproblems of reduced size in calculation. The subproblems are
coupled one to another through the matching condition on subdomains in-
terfaces. Finally the use of the iteration procedure among subdomains gives
sequences of the iterative numerical solution that converge the true solution
of the original problem. The decomposition methods have been extensively
studied in many literatures. From the point of view of decomposition way,
there are two kinds of domain decomposition methods: One is the overlap-
ping method which is often known as the Schwarz alternating method (see
[18] and the references therein) and the other is the non-overlapping domain
decomposition method (see e.g. [16, 22]).
In this paper, a Dirichlet-Neumann domain decomposition method is
proposed for a spectral element approximation of the steady incompressible
Navier-Stokes equations. In this iterative algorithm, the nonlinear convec-
tion term is treated explicitly in order to avoid to solving nonlinear problems
in each iteration. It is proven that the numerical solution sequences obtained















solution provided the Reynolds number is sufficiently small. It is also in-
dicated that the convergence rate is generally dependent of the polynomial
degree due to the fact that in the spectral element method the well-known
LBB condition is not optimal. Numerical examples are included.






























































































−4 u = f in Ω











们只讨论将区域Ω分解成两个重叠子区域Ω1和Ω2(即Ω = Ω1 ∪ Ω2)的情况且
记Γ1 = ∂Ω1 ∩ Ω2，Γ2 = ∂Ω2 ∩ Ω1，Ω1,2 = Ω1 ∩ Ω2。
假定ũ0为定义在Ω上的初值函数且在边界∂Ω上满足ũ0 = 0，则定义序
列ũ2n+1， ũ2n+2(n ≥ 0)分别满足：


−4 ũ2n+1 = f in Ω1
ũ2n+1 = ũ2n on Γ1





−4 ũ2n+2 = f in Ω2
ũ2n+2 = ũ2n+1 on Γ2





















相交的区域Ω1和Ω2，即Ω = Ω1 ∪ Ω2且Ω1 ∩ Ω2 = ∅，Γ表示Ω1和Ω2的交
面：∂Ω1 ∩ ∂Ω2，n表示边界∂Ω1 ∩ Γ上的法向量且规定向外为正方向。
若已知函数f，uk表示u在Ωk上的限制，则问题(2.1)等价于两个分裂的
子问题：
−4u1 = f in Ω1 (2.4)
u1 = 0 on ∂Ω1 ∩ ∂Ω (2.5)






u2 = 0 on ∂Ω2 ∩ ∂Ω (2.8)


























−4 un+11 = f in Ω1







−4 un+12 = f in Ω2














2，对k = 1, 2，求解下列方程：


−4 un+1k = f in Ωk







−4 ψn+1k = 0 in Ωk































−4 un+11 = f in Ω1















−4 un+12 = f in Ω2
un+12 = 0 on ∂Ω2 ∩ ∂Ω
∂un+12
∂n




− γ2un+11 on Γ
(2.17)







−4 un+1/21 = f in Ω1
u
n+1/2






















−4 un+1/22 = f in Ω2
u
n+1/2

















2 − un2 ) in Ω2 (2.21)
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